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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride 
semiconductor light-emitting element, which can further 
raise its luminous output for enabling the enlargement 
of the range of the application of the element to 
various applied products. 

SOLUTION: A nitride semiconductor element is formed by 
a method wherein an N-type multilayer film layer 6 
[consists of an AI2Ga1-zN (0^z<1) layer and an 

InpGal-pN (0<p<1) layer] and a P-type multilayer film 
layer [consists of an AlxGa1-xN (0<x<1) layer and an 
InyGal-yN (0^y<1) layer], which have different 

compositions, are formed in such a way as to hold an 
active layer 7 between them. 
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^f. 0^g. f + gs£l) -Cift-ClSo 7>K-*/ 
GaNS5(i. GaN, g 41**0. 2^TOAl g Ga 
i-gN, ifcti f tt**0. 1 J2JLTO I nf Gai-fNtt 

■^4 «g L^t < SSU W t i f) »i lv^ 0 Z<D 

XoiZ^ 7 > K - ^if tftl***i J: 7 > K- 

yGaNi3(7)±t:, S5«JKT* niW© £ K- "7 L£ 

-yoaft%#-*frJ: 9 ££T> K-^G a Nil 5 

fc* LEDIffULfcWUV f ^6TL^tv^I|fili: 

y k-^g aNi5 tw-e&& 0 

[0 0 4 5] 7>K--/GaNi5il00t> 
[0 0 4 6] ifc. ±E7>K-*/G 
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infill 5 a - c t LT& <£v> 0 $?mmm 5 a - c 
*«1ffl*^ 7>K-^T15a> nS^«SlK 
-•/OtHiSb, r > K~"/C0±S5 c 0 X 4 < t i> 
3mfrhmtiZ2tiX^Z>o n«»2^J!IWlUt±±ET 
Jf 5 a-JUf 5 cWfOicof^tltt^U 

ft14«<OWUffeO»Sr*LTv^T<> <tv» 0 ±fET« 5 a 
-±15 c **Jft1-&Sffcft4M*#fc LTIi, IngA 
10 UGai-g-hN (0^g<K 0^h<l) X~&2tiZ> 

< (AG a N**ibfc&&ffiOfcoa*3£ir ^tt^ 0 ££#8 
(RV 5 a - c 0#il±WB-t(>*i otv^tt J: 

[0 0 4 7] #1115 a - c cojJlJpJi. WKRSfeStL 
175- 1 2 0 0 0t>^FD-AT**i5, 
ffiKlil 0 0 0- 1 0 0 0 0t>^ hn-At* 
*K J:^it<(i2 0 0 0-6 0 0 0t>^Xhn- 

A-cab^o &mmms a-c<vmm&±ummx$>2>t 

20 V f o*aftfc**»EEO|ft±o*"C»* iv^o JLffiiS 
HO)RJ??:^r-r^»^2#«lRJ8 5 0|K!?OP3g{i. Ti 
5 a. trii5b, TSlVIMS c^ie^iiiSL 

T. ^«BI»5 a-cOigBW*±lEO|EHfc + 5£fc 
[0 0 4 8] #«RJ| 5 a - c £«/&-r£T/f 5a.* 
^«it»5 a-c*"C»«StL4fi:11twJ:*)*^-tt 

-t 9Bt»^>ttH«:«F5gLrv^ 0 #@^@5 a - c 0# 
#lift^fc*t^Wli 5 a - c i: t4 i 1 1: 

# U»* mtlR »JEtf ? if t < 
[0 0 4 9] T > K-^T15 aOj^Jpfi, 100- 
1 0 0 0 0t>nfn-A, jfi L<(i 500-80 
00*>^*hn-A, iWJKlilOOO-50 
40 0 0t>^Fn-Ati^, o r> K-7V>TJf 5 a 

< ^\ 1 0 0 0 0t>^XF n - A#iS~e V f *^#.Ji# 
U — *^/??:»< LTV^< V f ii1&TLTv-< 
^\ »m»JEOfi:T^# <^«9. 100t>^hn 

50 [0 0 5 0] nS^«ft K-^ + B15 bORffli, 
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50- 1 0 0 0t>^hn-A, #i L < (i 1 0 0 - 
5 0 0^>ni>n-A, J: 0«fr*L<(i 200-50 
0 (SOf£f£(i. 150-400) t>^hn-At 

T1-4ffllRlrt**<&o BlJ?rt ? l 0 0 0*>^J* Fo-Ai 
ax.4fc«*flJ****#<ftT-*-^«|pl* t *4o 

[0 0 5 1 ] T > K- -f<n±M 5 c <30fl|J? (i. 25-1 
0 0 0t>^^D-A, ff$K(i25- 5 0 0t> 
nhn-A, J:OffiL<li2 5- 1 5 0t>^f 
n-AT**i). J: i^f^i L < (*, 50-100 
*>^FD-Ait4 0 :<7)7>K-7'Oii5c 

[0 0 5 2] BLtO T@5 a -±Jg 5 c 

• Sit^i-^*^#tt(ly±g U 5Et^ Ti5a, 
15b RV±M 5 c £&*^b-£;t:BH;:. ft tt-T 

fc, »2^g^® 5<7)#^(7)pjyoa.^^^^(i. 
^ftOtt^tli^ffittScoa^O^fl:^. LED 

[0 0 5 3] ifc. £l±0*2#HBIJ15i;45^T. # 

m&mmm 6 Kjscf < ciots < <t ? i:«8t* 
&x § & o 

[0 0 5 4] ±ffi#«BIS 5 a - c £*$;1-&£S<7>«. 
J&fi> IniAlnGai-.-nN ( 0 ^m< 1 „ 0 ^ n < 

1) ^S£*i&&j£T-**UfJ: < . 

3W* iv^o 
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[0 0 5 5] ±fEna^*M» K 5bOnI 
WOK-ytlt 4#C:KjeS*l&v^ 3X1 0 18 
/craHll, ffiKliSXl 0 18 /cm 3 Ri:« 

5 X 1 0 2 Vcm 3 HWli Lv> 0 fg2<7)^lf BIS <0 

±tVfOfiT^-C!fiU^ n i^ftft LT(i S 
U Ge, Se, S. O^OJgUtBS^jRlVBSS. *VI B 

[0056] ttz, ±mm 2 <7)&mmm 5 a - c 

[0 0 5 7] fttt* 7 t LTtf\ ^(Hln 

*^-efc*ttffc»*#fls »ib<iil niGai-jN 

WT, ?^«HL<li5 0t>^xhn-AHTi:p 

fr_LUc< WtSftli<fe£o — *\ »S«O*$ti3 0 0 
*>^* hn-MJlT> *fiL<ti250*>^*hn 
-AUT\ tt»iL<li2 0 0t>^ hn-AUT 

[0 0 5 8] ^(I. Mg K-*7°G aNi^i-&p|3> 
9? hm9 t LTti. _LiStR|«|CI nf A UGa 

i-#-flN (o^f, o^g. f + g^i) ri»j£-e£. 

[0059] ttz, *5km^&^xm^hti2>pmfcR 
[0060] a±o*iio»Boa[ft»*«ff*?tt, 

f*IS<t4ii* , -e*4o *LT, Jtt±0*|fc«>«|8 
S 8 <7>&j£X(i®?&£#|& ^-^^> i i: iz J: 9 S ^ CM 

t4Z^^T^4o 
50 [0 0 6 1] ^C, ^^ifcOJBJBOftft***^*^ 
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0*>^X Fn-AlUOliOT> K-v'G aNi5 

T*(i, T> K-^G aN«5Uft£T«2<^#»|Rfl«: 
*HS5b, ±i5bORf«:nfl#iii6i:JS^< 

[0 0 6 2] tt±0«*0»JKoaf fc»*##3lH=-t? 70 
K-V'G a Ni5X{ii2^ill t nffi#JfK« 6 

#*st* t n s^eme 6 t J: ? 

£\ * 2 <7)^ilf(7)±i 5 c ^ n I^ili 6 COS t 20 
TOg <£; o U L T J: v> 0 

[0 0 6 3] 

[0 0 6 4] i ] ei i iitK^mm i i:oi>t 

*ryr4T (CM) J: 0 fc*3£«l £MOV 
PEORl£SSrti:-ty h L> LKtfh, WSL 

1 0 5 0 TC i T* _b# S -S\ *«O^U-->^ 

[0 0 6 5] (^7 7 712) Sc^T, iSJg£5 1 0*0 

k TMG (f'J^f^^V^A) k£flJ^N £«l-hU 
GaNiD4-SA77rl2 £&2 0 0t>^hn- 

[0 0 6 6] (7>K--/GaNl3) /<7 7r|2S 

TMGco^ih^r. *sj££ 1 0 5 0Cit±#$ 

1 0 5 0Ci:iofc^, HC<K»^i:TM 40 
G, 7>^-7 ^ifflv\ 7>K-^GaN13i 1 

[0067] (nIn>^^M4) iv^tl 0 5 0C 
T\ HC<Rfl^|:TMG, Y>*—Tff^ 

S i * 3 x 1 O^/cm 3 K- 
"/LfcG aNJ:t)Wnl3>^ h«£3 // mOlglU 

[0 0 6 8] (7>K-^GaNf5) ^i:v7>^ 
Oc^£iL#, 1 0 5 0tT-H*CLt7>K-7 , GaN 
«5£ 1 00t>^ hn-AORStffifiJ« 0 50 
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[0 0 6 9] (nM&mmm 6) SK£8 OOt 

Clt, TMG, TMI, r>*-7£fflv\ T>K- 
■/I no. 03 G ao. 97 N <£ t) £ £fg 2 * 

f OlC7 > K - 7'G a N J: !) 1 OUbM 

ii*lt2 5t>^hn-AjESH4o f Ltcn 

9 iSU »2+*l OJR-C^SU 1 0io J 

[0 0 7 0] 7>K--/GaNi«) 

«t*-C»ft«r 8 0 OtULT, TMG, TMK T 
>^-74:fflv^7> K-^I no. 4 G ao. 6 N J: 0 
FHf £3 0*>^X hn-AOlSttfcfiS^o *L 

tii+#p+ii+#p- • • . +»ioi*e»ii 

£5S , #F^l4Jf SSillfJiLT. £Rff 1 120t 

[0 0 7 1] (pl^ili8) TMG. TM 

A. 7>^e~7, Cp2Mg (v^n^>^yjE. — ;i/7 
^*v^A) Mg£ 5 x 1 O^/cm 3 K-*7"L 

f:pIA 1 o. i G ao.9NJ: «9 £ £ * 3 ofjtft***! 

2Mg, TMA£lLa67> K-^G aNJ: *) %;Z>^4<D 

[0072] (pln>^^M9) SKI 0 5 Ot: 
T\ TMG, 7>^e-7, Cp2Mg^fflv\ Mg^l 
X 1 0 20 /cm 3 K-^L^pIGaNi^^^pIn^ 

^ O 

[0 0 7 3] KJ&fcTSK SS^mStT*Tif> S<bK 
g^ffl^*. ^-^£RJ£§fyrtt;ii^-C, 70 0 

[0 0 7 4] T--U>^, ^-'>£KJ£#gf^ 

Jj^mu S±iOpI^>^^ M9(7)iI(:^<7) 
J&ttOv***Jfc«U RIE (Rlott-f *>x y f > 

[0 0 7 5] x 7 f>m t±ii:*^pi3>^^ 
hWO(5(?^ffiUBIi¥2 0 0t>^X Fn-A^N i k 
A u Sr^tf if TfettO p 10k, Wp 1 0 0± 

0. 5//mOlItJMt^o — X7f>^CJ: i) 
nm2&tznW.^>?9 H4C0SIC{iWtA 1 =Sr^ 
t?nlSl 2 iMLTLEDf^t LfCo 
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[0 0 7 6] COLEDSf^(iJII:fr|fi]f|EE2 0mAU£ 
^T, 5 2 0 nmO«ife*Mf U V f (i 3 . 5 V 

Lt, VftO. 5ViS<ffi:TU «*fli»(i2«Jil± 
Ufp]_bL£o ^c<ntzib^ lOmAT'KOLEDfft 

[0 0 7 7] 4£, &*C7) L E DJFf-^flMfcli. G a N 
J:«)i^*l<0A'7 7 7|O±i:, 7>K--/GaNi 
04^*2^7771, Si K-'/GaNiDiin 
in>^ni, fttfeffll tH-0^tl?#pii|J: 

0 44ffi14S, ^-coMg K-7°A 1 o.i G ao.gNi, 
Mg K-7'GaN^^^pIn>^ hS&JHClfRJf 

L£&o-e£>4 0 

[0 0 7 8] [*»«2] Ci5V>T, nl^i 

S i Sr 1 X 1 0 18 /cm 3 a N fc LttI? 

[0 0 7 9] mmffll U*^t\ nl#i 

Ri6i*ftt4Ri:, ft 2 oaft»**#« * S i Z 
1X1 O^/cm 3 K--/L*: I no.osG ao.97ft U 
ilOMW^i*, S i * 5 X 1 0 18 /cm 3 K- 
"/LfcG aNti-^ffiiiWtSKlLTLEDSS^tfiaL 
to ff^^LEDf^li, 2 OmAKiS^TV f <i 
3. 4V, m*(±fS£*OtO^JtttLT, 1. 5«J£l± 

[0 0 8 0] [**«4] *jfc«lUi5^-C, pl^i 
«W8«:ftft-r4l»U. *4<OBft»#*fWK:Mg4r 

1 X 1 O^/cm 3 K-yL/:pIGaNi^gH-& 

[0 0 8 1 ] Kft«5] HM091 pl#i 
R«8Sr«:S1-4PRU. T> K-^A lo.i G ao.gNJ: 
4 4 * 3 OMft:^**^® * 2 5^>nhn-A 
7 > K - y G a N J: 9 i l» * 4 OMft^Ifti * 

2 5*>^X h n - A t 2 fo'o^SCSti 

TLED^Srf^SLTtt ^^>. 1 
#i4£*1"4 LEDIWHibW:o 

[0082] i^mm 6 ] *Jfe08 1 U33V>T. T > K- 

yGaNl5«x.r#IRjg5a-c^ ZblZ, T 
E#»*:JttTOJ:«9USe3E-r&ffittH«lULr, LED 

[0 0 8 3] (nH3n>?* h8 4) gv^Tl 0 5 01: 
t\ rat<g^Xi:TMG> T>*~TifX, T-Wfo 
if *\Zis*7> if A*m^, S i £ 6 X 1 O^/cm 3 K- 
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"/LfcGaNJ:0i5nffl3>^^H4«:2. 25// 

[0 0 8 4] (#ili5a-c) *Cv7>^^ 
Srlh^, 1 0 5 0tt% TMG, T>*-T2fx£ffl 
^ 7>K-*/GaNi^«r4Ti5ai2 0 0 0*> 

>#**iiJHlLS i * 6 X 1 O^/cm 3 K--/LfcG a 
N*f>5r4tBl5 b^3 0 0t>n h u - AOg^Ig 
tMfcRS-*, lCt^Ty7>#X(7)A^±i6, HSR 
70 C1T7> K-^G aNA^iUl5 ci50t>^ 
hn-A^iStftftS*, 3i^f>44e(W2 3 5 

[0 0 8 5] (nl^ili6) H«Offl*"t\ 
T> K--/G aNi 9 44»103ffc»#S#dl*4 0 

TMG. TM I > T>^e-7£fflv\ T^K-T^I 
no. 02 G ao.ssN X *) 1 OSf t^Sfldl £ 2 0 

«9iIU * 1 +* 2 OHB-e^2U 1 Oio'oif?^ 
20 GaNJ:«944*l *>ftffc»**fldi * 4 0 * > 

hn-AftftSfcfi^»AO£JlBU 0 44nM 

4 o 

[0 0 8 6] (pl^ili8) SKI 0 5 0t 

tTMG, TMA> T>-=e— T, Cp2Mg (v^n^ 
^yx-^ny^) Mgi5X10' 9 
/cm 3 K-^l/jpIA lo.2Gao.8N<fc<944fjl3<7> 

Sc^tfiS«:8 0 0ti:Lt, TMG, TMI, T 
50 >*-7\ Cp2Mg^fflv^Mg^5X10 19 /cm 3 K~ 
-TL£ I no. 02 G ao. 98 N J: *9 4 4 » 4 Offlft^NMIMfc 
1^2 5t>^bn-A^iftSSS^o fit 
^^SfESr^ilU #3+»4 0)Br-3c5:U5JB 
fofi L> 3 <oaft»##MMI t4 0*>y 

44 pM^-SBD! 8 £ 3 6 5*>^* Fn-AOifT* 

[0087] »^tt?t:L EDtT-ii, ^mmm 1 

[0 0 8 8] [*SS0O7] *teM6Ci3^t7>K-7' 
G a N*f)i & T1 5 a iMLiv^ii, Hife#J6<h 
I^W:LTLEDf^SLf: 0 -0 J: d U LT»<b 

00 i Rvmmm e icjt«ci-4 ttt^ot?*ofc 0 

50 [0 0 8 9] J^-tO^t::, #1146011 7 OLEDJSHP 



-11- 



V 



(12) 



21 

i Tkxrmtim 6 o*^p t jt« l T»«wE«±e^ t o-c 

fc, jlt«10LED*?Ot«iEli, Ulife#J7 0L 
K--/OG aNi5 fc#m»ffi*fa±$**»*j&*&& 

[0 0 9 01 [Hits®] 8 ] *nm6i:j3i»r, r>K- 

7" A lo.osG ao.95N*»«b*^T)i 5a^ 2 0 0 0t> 

>2f*£il*nLS i £ 6 x 1 O^/cm 3 K-"/LfcGa 
N*»f>ft4+BW5 b£3 0 0 * > hn-AORJ? 

(ITT > K-*TA lo.osG ao. 95 N*»fe &£JiS 5cS: 
5 0*>rx hn-AOlRl? -0**$*. 3 

cftsi^LEDffii, «&#I6 tmmm<o§&±& 

no.o3G ao.97N^^^<?) ~FS 5ai:2000^> 

>#X£iIS0LS i £ 6 X 1 0 18 /cm 3 K— 7"L/jG a 
N^^^raS 5 b*3 0 0t>W hn-z.ojRI¥ 

CTr>K-7 p I no.oaG ao.97Nrt*ibfc&±.» 5 c £ 

3 5 0t>^ hn-AO»2#SHIJI 5 

[oo92] [nmm 1 o ] 6 iz&^x, s i k 

-^Ga Nfrb%%> 5 b £ 1 0 0 0t>^XFn-At 

mLfZo ^0<t^:Lt{|^iif:LEDfm HifeCT 
6tHfOVf^U *«»S(i*jfcfl»l60 1 . 2f§ 

[0 0 9 3] [HJ60O1 1] S i K-yGaN/d^i^) 
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30 
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JS0O6 tra»tcLTftS8Lfco »f>ftfcLED*fli, 
OLE D^fUJtlScLT 1 . l»8ST'*oto L#*L 

[0 0 9 4] [*!Sfl!l2] 7>K-^GaN*<94-5 
5 ctS:2 0 0*>n hn-Af*«$-t4ift(i, H 
6 h^ICLTLEDf^^f^L^o f»fc*l7tL 
ED*fii, **«6 tra«lO||jfeai**:^L. Vfli 
**«6 0LED*^UJtttLT*<4D. 

6 0LE D^lIJtK Ltfi^t Of&o £<, 
[0 0 9 5] [Uttffill 3] $mm$ U£v>T. nl# 

LEDtm HftM 6 O L E Df ? i: (7)H*tB^ 
£tfU ^JftWeOLEDafT-UJtRLTV f (i2 0% 

[0 0 9 6] 

4 O 

[dffioSf^^ift^] 

[HI 1 ] **OJB3R-C*4 L E DffO 

itS:*i-«S:»BfBig-e**o 
I^oSiW] 

1 • • • t7 7^7SI, 

2 • • •^'7 7r|, 
3 • • • T> K-^GaNI, 

4 • • • S i a NO n 

5 • • • r > K-^G a NB. 
6 • • • nielli, 

7 • • • 

8 • • - pm&mmm, 

9 - • • Mg K-^G a NOp 

10 • • 



40 



1 1 
1 2 



n 
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